IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applicant 
Appl. No. 



Goddard, et al. 

10/063,566 

May 2, 2002 

SECRETED AND 
TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS ENCODING THE SAME 

Hunnicutt, Rachel Kapiist 



Filed 



For 



Examiner 



Group Art Unit 



1647 



DECLARATION UNDER 37 CFR §1.131 



Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

We declare and state as follows: 

1. We are the inventors of the invention claimed in the above-captioned patent application. 

2. During the time period in which all of the events and activities described herein occurred, 
we were employed by Genentech, Inc., the assignee of the above-captioned apphcation. 

3. All of the events and activities described herein were performed by us personally, or by 
others at our direction as part of our duties as employees of Genentech, Inc. 

4. The invention claimed in the above-captioned patent application was conceived prior to 
April 29, 1998 and diligently reduced to practice thereafter in the U.S. as described below. 

5. Prior to April 29, 1998, we conceived of the invention claimed in the above-captioned 
patent application. Prior to April 29, 1998, the idea of investigating several newly discovered 
DNA sequences for their relevance, including developing primers and cloning the DNA 
sequences of interest from normal and tumor tissues, was conceived. The attached sequence 
printout (Exhibit A), dated prior to April 29, 1998, shows the complete sequence of the nucleic 
acid having the sequence of SEQ ID NO:57, as well as the complete sequence of the amino acid 
of SEQ ID NO:58. Thus, conception of the invention claimed in the above-captioned patent 
application occurred prior to April 29, 1998. 
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6. The date deleted from Exhibit A is prior to April 29, 1998. This date was redacted 
pursuant to M.P.E.P. § 715.07. The date that remains is the date the report was printed, 
December 21, 2004. 

7. After these initial experiments, we continued to produce primers, clone and sequence 
other DNA sequences. We then began to identify the expression levels of the cloned sequences, 
and created constructs for expression of the encoded proteins. The enclosed printed copy of an 
electronic file (Exhibit B) shows that PGR primers for numerous sequences which had been 
previously identified were designed on March 6, 2000 (as evidenced by the file name, 
"oU.dut3_6_00"), including the primers for DNA59609, the DNA which is relevant to the 
presently claimed invention (see top of page 3 of Exhibit B). This data shows diligence in 
reducing to practice following conception of the invention. Thereafter, the primers were tested 
for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). These pages 
show a series of gels and a summary of results in which the primers were used to determine 
tissue and tumor expression levels for the various DNA sequences. The levels are shown using a 
++, +, +-, and - to indicate the mtensity of the specific signal which was detected The data for 
DNA59609 is shown in row 10 on die results sunmiary. This data shows that the DNA is more 
highly expressed in esophageal tumor as compared to normal esophagus tissue. Actual reduction 
to practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
mvention prior to April 29, 1998 and were diligent in reducing the invention to practice hy at 
least June 13, 2000. 

8. We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any patent 
issued thereon. 




Date:_ 

Date: 



J. Christopher Grimaldi 



By: : Date:. 

Austin L. Gumey 

By: ■ ■ Date: 

WilUamLWood 
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6. The date deleted from Exhibit A is prior to April 29, 1998. This date was redacted 
pursuant to M.P.E.P. § 715.07. The date that remains is the date the report was printed 
December 21, 2004. 

7. After these initial experiments, we continued to produce primers, clone and sequence 
other DNA sequences. We then began to identify the expression levels of the cloned sequences, 
and created constructs for expression of the encoded proteins. The enclosed printed copy of aii 
electronic file (Exhibit B) shows that PGR primers for numerous sequences which had been 
previously identified were designed on March 6. 2000 (as evidenced by the file name, 
"oli.out3_6_00"), including the primers for DNA59609, the DNA which is relevant to the 
presently claimed invention (see top of page 3 of Exhibit B). This data shows diligence in 
reducing to practice following conception of the invention. Thereafter, the primers were tested 
for expression in various nofmal and tumor tissues on June 13, 2000 (Exhibit C). These pages 
show a series of gels and a sUnmiary of results in which the primers were used to determine 
tissue and tumor expression levels for the various DNA sequences. The levels are shown using a 
++, +, +-, and - to indicate the intensity of the specific signal which was detected. The data for 
DNA59609 is shown in row 10 on the results summary. This data shows that the DNA is more 
highly expressed in esophageal tumor as compared to normal esophagus tissue. Actual reduction 
to practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
mvention prior to April 29, 1998 and were, diligent in reducing the invention to practice by at 
least June 13, 2000. 

8. We hereby declare that all statements niade herein of our own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fme or imprisonment, or both, under Section 1001 of Titie 18 of the United States 
Code and that such willful statements may jeopardise the vaUdity of tiie appUcation or any patent 
issued thereon. 
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6. The date deleted from Exhibit A is prior to April 29, 1998. This date was redacted 
pursuant to M.P.E.P. § 715.07. The date that remains is the date the report was printed, 
December 21, 2004. 

7. After these initial experiments, we continued to produce primers, clone and sequence 
other DNA sequences. We then began to identify the expression levels of the cloned sequences, 
and created constructs for expression of the encoded proteins. The enclosed printed copy of an 
electronic file (Exhibit B) shows that PGR primers for numerous sequences which had been 
previously identified were designed on March 6, 2000 (as evidenced by the file name, 
"oli.dut3_6_00"), including the primers for DNA59609, the DNA which is relevant to the 
presenfly claimed invention (see top of page 3 of Exhibit B). This data shows diligence in 
reducing to practice following conception of the invention. Thereafter, the primers were tested 
for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). These pages 
show a series of gels and a summary of results in which the primers were used to determine 
tissue and tumor expression levels for the various DNA sequences. The levels are shown using a 
++, +, +-, and - to indicate the intensity of the specific signal which was detected. The data for 
DNA59609 is shown in row 10 on the results summary. This data shows that the DNA is more 
highly expressed in esophageal tumor as compared to normal esophagus tissue. Actual reduction 
to practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to April 29, 1998 and were diligent in reducing ttie invention to practice by at 
least June 13, 2000. : 

8. We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Tifle 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any patent 
issued thereon. 
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6. The date deleted &om Exhibit A is prior to April 29, 1998. This date was redacted 
pursuant to M.P.E.P. § 715.07. The date that remains is the date the report was printed, 
December 21, 2004. 

7. After these initiaj experiments, we continued to produce primers, clone and sequence 
other DNA sequences. We then began to identify the expression levels of tbe cloned sequences, 
and created constructs for expression of the encoded proteins. The enclosed printed copy of an 
electronic file (Exhibit B) shows that PGR primers for numerous sequences which had been 
previously identified were designed on March 6, 2000 (as evidenced by the file name, 
"oli.out3_6_00"), including the pri^mers for DNA59609, the DNA which is relevant to the 
presently claimed invention (see top of page 3 of Exhibit B). This data shows diligence in 
reducing to practice following conception of the invention. Thereafter, the primers were tested 
for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). These pages 
show a series of gels and a summary of results in which the primers were used to detemiine 
tissue and tumor expression levels for the various DNA sequences. The levels are shown using a 
++, and - to indicate the intensity of the specific signal which was detected. Tbe data for 
DNA59609 is shown in row 10 on the results summary. This data shows that the DNA is more 
highly expressed in esophageal tumor as compared to nortfial esophagus tissue. Actual reduction 
to practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to April 29, 1998 and were diligent in reducing the invention to practice by at 
least June 13, 2000. 

8. We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on infomiation or belief are beUeved to be tme, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willfiil statements may jeopardize the validity of the application or any patent 
issued thereon. 
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6. The date deleted from Exhibit A is prior to April 29, 1998. This date was redacted 
pursuant to M.P.E.P. § 715.07. The date that remains is the date the report was printed, 
December 21, 2004. 

7. After these initial experiments, we continued to produce primers, clone and sequence 

other DNA sequences. We then began to identify the expression levels of the cloned sequences, 
and created constructs for expression of the encoded proteins. The enclosed printed copy of an 
electronic file (Exhibit B) shows that PGR primers for numerous sequences which had been 
previously identified were designed on March 6, 2000 (as evidenced by the file name, 
"oli.but3_6_00"), including the primers for DNA59609, the DNA which is relevant to the 
presently claimed invention (see top of page 3 of Exhibit B). This data shows diligence in 
reducing to practice following conception of the invention. Thereafter, the primers were tested 
for expression in various normal and tumor tissues on June 13, 2000 (Exhibit C). These pages 
show a series of gels and a summary of results in which the primers were used to determine 
tissue and tumor expression levels for the various DNA sequences. The levels are shown using a 
++, +, +-, and - to indicate the intensity of the specific signal which was detected. The data for 
DNA59609 is shown in row 10 on the results sunmiary. This data shows that the DNA is more 
highly expressed in esophageal tumor as compared to normal esophagus tissue. Actual reduction 
to practice therefore occurred by at least June 13, 2000. Thus, we conceived of the present 
invention prior to April 29, 1998 and were diligent in reducing the invention to practice by at 
least June 13,2000. 

8. We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and tliat such willful statements may jeopardize the validity of the application or any patent 
issued thereon. 
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EXHIBIT A 
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EXHIBIT B 



User:grim 

oli.out3_6_2000 

Tue F=eb 1 11:45:17 PST 2005 

xel 2380 /XE1 2380 



xel2380 Usertgrim Job: oli .out3_6_2000 Date: Tue Feb 1 11:45:17 PST 2005 

xel2380 User:grim Job: oli.out3_6_2000 Date: Tue Feb 1 11:45:17 PST 2005 

xel2380 User:grim Job: oli .out3_6_2000 Date: Tue Feb 1 11:45:17 PST 2005 

xel2380 User:grim Job: oli .out3_6_2000 Date: Tue Feb 1 11:45:17 PST 2005 



<-16422 flO OLI28176>AGTTGCAACTATGCTGGCAACTGGAGG 
Allll ' rlO OLI28177>CCCAGATGTTTCTTACTGGCTCCTCACTAATC 
<16435"fl0 OLI28178>GAGGCAACTAAAAAGGCTTCAAACGTTTTG 
<16435"rl0 OLI28179>CAAAATCAATAACGTCATCAGCTTCCTAACCATG 
<23334* f 10 OLI28180>CGTTGGTTGAAGGACCTAAATACCTGGC 
<233 34 " no OLI28181>CTTCTATCATCACCCAGCTGCATGACC 
<26843' f 10 OLI28182>GCAAGTTCATGCTCTGAGTCCTGAAGAG 
<26843 ■ no OLI28183>GGTGCAGTGTCATAGAGGGTTAATCCATG. 
<26844 ' f 10 OLI28184>CCAATTCTGAACATTCCCATCGTGC 
<26844 " no OLI28185>GTGCTGGGATTACAGGCGTGAGC 
<26B44 . f 10>CCAATTCTGAACATTCCCATCGTGC 
<26844 . rlO>GTGCTGGGATTACAGGCGTGAGC 
<30862 flO OLI28186>CACCTGAAGGTGATGCTCCTGGAAG 
<30862 ' no GLI28187>GCGGTTCCATCGCAGATGACC 
<40621 flO OLI28188>CTGGCTGCCCATCATGACCTCC 
<40e21 no OLI28189>CTCCTGCCTCAGCCTCCCGAGTAG 
<44161* flO OLI28190>GAAGGACATGCGCGTGCAGAC 
<44161 no OLI28191>GAGCTGGTGCTTTCCGCTGCC 
<44694 flO OLI281$2>CCACAGCTQATACGGCATCCTGC 
<44694 ' no OLI28193>CCAGAGTCTGCATGAGCACCAATG 
<48320*fl0 OLI28194>CCTCACTAGCACCTGGAATGATGCTTTG 
<48320 ■ no OLI28195>CACTCATAAGTTGCACATATGCTCCAAGGTC 
<48334 ■ f 10 OLI28196>CAAGGAGGCAAAATTTTGACAGGGAAGG 
<48334 no OLI28197>GTACACACAGAATAAGGTTGGGGAATTAAGCTG 
<48606.flO OLI28198>CAGCATGCCAGGCCTCACG 
<48606 no OLI28199>CfTTCTCAGGCCTCCTGGCCAATAG 
<49141 flO OLI28200>CCACGTATCTCATGTGCCGAATGTG 
<4 9 14 1 " n 0 0LI2 8 2 0 1 >GTGCAGCCTCACACTGCCTTCTCC 
<49647 ; f 10 OLI28202>GGCAGTGAACACATCTGATTTCCCACAG 
<49647 no OLI.28203>CCCTCAAAAGCCAGTTACATTACATGTTCACAG 
<49819*flO OLI28204>GGTTGCCATTCCATAGGTTTGGAGAGC 
<49819 no OLI28205>GCATTCACCTACCTGTCTAACCCTCACATG 
<49820'flO OLI28206>GAGAAGCTGACTGAGGAAGGC1'CTCCC 
<49820 no OLI28207>CTACTGGAAGCAGGCACAGTGTCACTAGC 
<53 913 ' f 10 OLI28208>GCTTCCGTCCCTGAATCCCTTCC 
<53913 ' no OLI28209>GTGTGAAACTGCTTGGTGGCTGTTCC 
<53978 flO OLI28210>GTGATGAATGGTCACACACCGATGCAC 
<53978 rlO OLI28211>GAATCCTGGGGGATCAAATCATATGAATG 
<53996 . f 10 OLI28212>CCAGATGGCACGACACTGCCATG 
<53996 no OLI28213>CCAGAACAGCAGTGAGGCAGATTGATG 
<56050 f 10 OLI28214>GAAGGCTTCCTGCAGGAGCAGTCTG^ 
<56050 no OLI28215>CAGGCCAGGTGAGAGAGTACAAGTCTTGC 
<561ia.fl0 OLI28216>GTAGCCGGCTTGGCTTTTGTAATTGG 
<56110 . no OLI28217>GGATGGCTGAGTTTCGCACATTGTG 
<56410 . f 10 OLI28218>CCTGAAGCTAGTCCAGCTAGTACACCACAAATC 
<564l6 no OLI28219>CAATCCTCCTGACTTGTCTTCCCTAAGTGC 
<56436 flO OLI28220>GAAATGGATTAGCCAACCAGGGCAAC 
<56436 no OLI28221>GGAGCAGGAACCAACTCAATGCACAG 
<56855 flO OLI28222>GCAACTTACAGCTGCACCGACAGTTG 
<56855'n0 OLI28223>GAGAGCACTGGAATGATTTAGGGGTGG 
<56859 flO OLI28224>GGCTGTCTTAGTACTTCGCCTGACAGTTGTC 
<56859 no OLI28225>CCATCAACTATGTGATCCCAAAGCGC 
<56860 f 10 OLI28226>CTTCATGTGGCAGCAAGTTTTCGAGC 
<56860.n0 OLI28227>GAGACGCATGGGTGTAGCCTCAGG 
<56865 flO OLI28228>CTAACCAACTGGAAAAATGGATGAAACTCAATG 
<56865 no OLI28229>GTCTGTCTGGGAAGCTGACTGCCAGAC 
<56868 flO OLI28230>GGATTCCGAGAATCATTGTCATGTACATGC 
<56868.n0 0LI28231>GTTCCCTCCTCATTCCTTAATGAGTGCTT6 
<56869. f 10 OLI28232>CAACTTCGCCCTGGAGCAGCTCTTG 
<56869 no OLI28233>CTCCAGCACCCTCAACATGATGTAGCC 



^6870 flO OLI28234>GAACTCGGAAGAGATGCTGTGGAATCC 
:|fiR70 rlO OLI28235>CCTGTCCCAGTAATGCCAACTTGGAG 
lliell ' f 10 oS28236>CCTACGGTGAGAAGCTTACCATAAGCTTGG 
:|7l99" rlO OLI28237>CATGGCATGGCTACCGCTTCCTTAG 
:|7704 ■ f 10 OLI28238>GCCCCAATGCCAAGTACGTAATGAAG 
:|7704 ' rlO OLI28239>CAGTGTAAGCCAGCACACTGACCTCC 
^57710 f 10 OLI28240>CAGCCTCCAAGCCATCATCACCAAG 
<577lO*rlO OLI28241>GTCCTGAGCGACTGCCACCATG 
<577ll'fl0 OLI28242>GCATCGAAGCCCGTGAAATCCAG 
^•7-71 1 no OLI28243>GTCAGGCACTGTGGTGAAGGGAACX3 
Till] ' flO Sl^28244>GCCATCAATGGACATGATCTTCGATATGG 
^I7l27rl0 0LI28245>CCATGTTGTGGTTGGAGTCCAGGG 
<|7844 flO 0LI28246>CCGTGGAATGGAGTTGATCCCAACC 
lllltt ' rlO 0LI28247>GCCTATCTAAGGTCCCTTGCTGCAAGG 
^18723 ' f 10 0LI28248>GATAAAACATGCAGCCACAGGCTCTCC 
^11723 ' rlO 0LI28249>GGACCAGACTGTACTGTGGCCATGTACAC 
<Se731 ' tlo SlI28250>GCACACATTAAGAACCTGTTACAGCTCATTGTTG 
<|8737 ' rlO 0LI28251>GAAGGCTATCAGCACCTGCAACCAGC 
<58743 * f 10 0LI28252>CACATGCGTCACATGGGCATTTC 
fslltl Ao SlI28253>GTTCGCACCATTCTCCTGCCTCAG 
<58846 . f 10 0LI28254>CCCAGCAGTGGGACAGCCAGAC^ 
<58846 rlO 0LI28255>CAA6ACCTATGTTCTGGGGCAGCAGG 
<l8848 f 10 0LI28256>GAACTCCCCACCTTTGCACGCTG 
visits rlO 0LI28257>GATGTGTCCTTCACTCACCCGCAGC 
^Illll"fl0 0LI28258>C6AACACCTTGTACTGGGAGTTGAATCAG 
fslltl ' Ao OLi28259>CATCACATAGCAGAGTTCCCTCAGCCCTG 
"IllsoilO 0LI2826OGCACCTGTCAAAGCCTAAAGTCACCATG 
lllalo ' rlO OLI28261>CCACAGTGGAGTAAACCGTATTTGCTGG 
<l8853 ■ f 10 OLI28262>GGGACTGACCCTAGTCTGTGTCCATGC 
<1I||3 rlO SlI28263>GGGATGCTGTATGGATAGGAAGGGATG 
^IsSSB flO 0LI28264>CGAAGGATGGACATCCTGGAATGG 
<||||l ■ rlO 0LI28265>GCTTAGAGACTCCACACAGACAGCCAAGG 
<59211 flO 0LI28266>CAAGGTGACCTCGCAGGACACTGG 
Tsllll ' rlO 0LI28267>CCTCCTGATCAGAAAGGGGCGTAACAG 
"lim - l. . °T.;;fl0^fi.GAGGCTGACACCTTCATGTTTGGAGG 



<:59213 . f 10 OLI2826B >UAtMaUiV3«.\^'-'-x x * — 

<i9213 no 0LI28269>CTCAGTGTGGTCTGGCAGGAACCG 
<ll497 ■ f 10 0LI2827OCCTGACCAAAAAATTCCCAGTAACCAGGC 
<|9497 ' rlO OLI28271>GTGGCCAAGTGGATAAAACAGTAGCAGTG 
<59603 * f 10 OLI28272>CTGCTGTGGCTGCAGCTCTGC 
<59603 '.no OLI28273>GACGCCAGGAAAACAGCCAGGTC 
<|9605 f 10 OLI28274>GGAGTACCATCTTCCTCATGGGACCAG 
<|9605 rlO OLI28275>CATGGGAATTCAGTGGGACAACATCC 
<59607.?10 OLI28276>CCACTACATGAGCATCACCATCTTGGTC 
<59607 rlO OLI28277>CTGGCCAGTGACTGTCAGGTTCTCTG 
tileSg * ?10 SlI28278>CATTCCACTTGTGTCACTGCTTGGAACC 
<|9609 rlO 0LI28279>GGCATTGTTAAGCAAGGGCAGCAGAAG 
:l|ll0 5l0 OLI28280>CTGCCTCrCAGCCCTTACCTGATGC^ 
<59610.rl0 OLI28281>CCCTGAGTTGCGAAGTGGCAGTC 
<59612 flO OLI28282>GTGAGCGGATGGACCTAGCACTTeC 
:illi2 : no OLi28283>GACAGCTACTACTCGCCAGGTGTGCTO 
<59613 . f 10 OLI28284>GAATGCAGCAACACCAGCGATGC 
<|9613 rlO OLI28285>GACCTGTGACTCCCACTTACTGGGCAG 
^59616 f 10 OLI28286>GTCAGGAGCCTGAAATCAGGCTGACTTC 
<59616".rl0 OLI28287>TCCTCCAGGCCAATCCTGACCC 
<59619 . f 10 OLI28288>GTGCATGTTCCCTGTCTGGTGCC 
<59619 rlO OLI28289>GAGTCCCTGAGGTTGGAGTCCTAGCATAGC 
<59625!fl0 0LI2.829OGTATTCTGCCCTGCGCATCCCAC 
<5S625 no OLI28291>GACTCCTCCAGTGGCACTGCAGCTC 
^59827 flO OLI28292>CACTGCAGCTGCGCACAGTCG 
<II827 : no OLI28293>GGTGCTCTGAGAAGAGGTCAGAATGGC 



' ^^o f-yn nTT28294>CTGCCGACACCGGACTTCAGC 
^^^^o-^nS nT^l8295>GCCAGCCGACCTTTCTGTGGTG 

OT ^982l6>CTCCTTAGCCCGTGTGAGCCTCAC 
mil ' 111 OL^ 2lf97>G?GSATCTCAGCTCACTGCAGCCTC 
^^^11' Acs otl28298 >GGAGAGGCCACCGGGACTTCAG 
;59854 . f 10 

:59854.rl0 OJ^^28299>GGGGCCTGCT 

<'°'f.-'fo oS28for>?S??Sc?TTLvGGACOT^^ 
<602 83 . no OL528301>CCi^i^^^^^^^^^^Q^^ 

'Mill: III ^llllll^c^^<^'?±?i?:^?^. 



<648S2.rlO °J""!|i^'2|^STCCAGGCCAAGGACCT0 
<66308.fl0 °J-"""'2MOTTGGGATCTCATGGTrGGG 
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>^cts. If these minor cell proteins differ among cells to the same extent as the 
abundant proteins, as is commonly assumed, only a small number of pro- 
tein differences (perhaps several himdred) suffice to create very large differences 
iji cell morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
in Response to External Signals ^ 

Host of the specialized cells in a multicellular organism are capable of altering 
their patterns of gene ejcpression in response to extracellular cues. If a liver cell 
is e3q)0sed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer present, the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at aH. These examples illiistrate 
a general featiu-e of cell specializations-different ceU types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 



Gene ^ression Can Be Regulated at Many of the Steps 
in the Pathway from DMA to RNA to Protein * 

If differences between the various cell types of an organism depend on the par- 
ticular genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling when and how often a given gene is transcribed (tran- 
scriptional control), (2) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
mRNAs in the ceU nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(branslational control), (5) selectively destabilizing certain mRNA molecules in 
the cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizmg specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
oecause, of all the possible control points illustrated in Figure 9-2, only transcrip- 
tional control ensures that no superfluous intermediates are synthesized. In the 




Figure 9-2 Six steps at which 
eucaryote gene expression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible' 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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foDowing sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 



Summary 

Tke genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A ceU typically expresses only a 
jrdction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to charges in their environment, such as si^ialsfrom 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins ^ 

How does a cell determine vriiich of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
protieins were discovered. 



Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics ® 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
&-80), The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in protfeins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 
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Figure 9-3 Double-helical structure 
of DNA. The major and minor grooves 
on the outside of the double helix, 
indicated. The atoms are colored as 
follows: carbon, dark Wue/nitrogeu* 
light blue;hydiQgen, white; ox!f^ : 
red; phosphoms, yellow. 
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Figure ^71 Amechanism to ei^laln 
both the marked deficiency of CG 
sequences and the presence of CG 
islands in vertebrate genomes. A 
black line marks the location of an 
uiuneth^ated CG dinudeotide in the 
DNA sequence, vMe a red line marks 
the location of a methylated CG 
dinudeotide. 
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Summary 

the many types ofcetis in animals and plants are created largely through mecha- 
nism that cause different genes to he transcribed in different cells. Since many spe- 
dalized animal cells can maintain their unique character when grown in culture, the 
gme regulatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the cell divides, endowing the cell with a memory of its 
developmental history, Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may he rel- 
mntto the creation ofspecidlized ceU types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other, this can create a flip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rect or indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate Aeirown synthesis, provide a general mechanism for cell memory. 

J» eucaryotes gene transcription is generalfy controlled by combinations of gene 
rectory proteins. It is thou^t that each type ofcell in a hi^iereucajyotic organism 
contains a specific combination of gene regulatory proteins that ensures tftc expres- 
sftm of only those gates appropriate to that type of cell A given gene regulatory pro- 
tdn may be expressed in a variety of drcumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited sUttes of dhromaUn 
c(mdensation are also utilized by eucaryotic cells to regulate gene expressioru In ver- 
ttbrates DNA methylation also plays a part, mainly as a device to reinforce decisions 
^ut gene expression that are made initially by other mechanisms. 



Posttranscriptional Controls 

Although controls on the initiation of gene transcription are the predominant 
fonn of regulation for most genes, other controls can act later in the pathway 
from RNA to protehi to modulate the amount of gene product that is made. Al- 
jnough these posttranscriptional contiois, which operate after RNA polymerase 
ijas bound to the gene's promoter and begun RNA synthesis, are less common 
^^transcrlptiorml control, fox many genes they are crucial. It seems that every 
step in gene expression that couId.be controlled in prmciple is likely to be regu- 
ated under some circumstances for some genes. 

We consider tiie varieties of posttranscriptional regulation in temporal or- 
er, according to the sequence of events that might be experienced by an RNA 
"Molecule after its transcription has begun (Figure 9-72). 
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Figure 9-72 Possible post- 
transcriptlonai controls on gene 
eaqiression. Only a few of these 
controls are likely to be used for any 
one gene. 
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CHAPTER 29 



Regulation of transcription 



tJif phpnoiyi^ diltenmm Uhm ilisihiguish the 
^pous kuuls or irUs in a UIgliiT trukaryute m 
tac^ely due itf ilUTmnices'isi the expression of* 
tfiies tbnt code Tnr pruiHDi. tfinf is. tlwse tran- 
5cribeil by RNA pHtvinerAsf II. In prindpte. the 
fj^fvssloii or lliesif ^vncf iiii^il be iT^ila'led al 
jiiir one of srvei^l silnprs. Tlie conivpt of Hie 
*ltvel or contror impSiesi Itint gene expression 
' is pol necessarily an auccmwile pi-ocess once ii 
Has begun. It could la* rr^ulaled In- a gene- 
specific u-ay al any one oT sei'eml j^uentlal 
)lej». We can dislu^uislt <ni Imsi) five poteii^ 
ilal control points, fiiriniup Hie series: 

AfVnvlsnn of ^nr stnuttire 

'tiullalion of li^iisriiptiim 
i 

Pixitvssing tlH* inins«*rjpj 

transport to eytopttisni 
i 

TranskiUoii or inRNA 

Tlie exf.ilriirr of Ibr firsl sl<*p ts (niplird Ik 
lUt tiiscovery llial ^ni*s inny r}iisA in either of 
hn» stniviunil cnndi(iui». Ilelnilvc Co the Stale 
nf most of the grnftinf, (ienes ore roiiuci tii 
mi •nrlhv" Stale in the i^ells In wfiCtMi they 
m expixssed (see Chapter 2TK Ttie change of 
.<iructttre 1$ distinct Chini ihe an of trnnscrip. 
HoA, and indicates dial Ihe gene is nranscrib- 
able." This suggests thai acquisilion of Ifae 
"active" sirudure musl be the first step In gene 
esprcssion. 

Transcription of a gene in the adive state is 



coittroUed al the stage of iniiinUan. iliot Is, \>y 
the Interadion of UNA polymerase ^viih lis pru- 
moter. Iliis Is no\r tiecondng susrefMlhle to 
analysis In die iu riiro s>'st<ins <ser Chapter 
For most gene». tills is a iiialnr conii'Al 
point: prolMlily it is ilie most eiutiinoii le\*el of 
regulation. 

There is at present no evidence for control 
at subsecpient stages of Iransetiption in eiibary* 
otic cells* for example.. \ia antftemilnallon 
mecbanisnis. 

The pHmaiy transcript is ntddihed by copping 
al ibe 5" end, and usunify also by polyadenyla- 
tion at the s' end. burons must Ik spliced otit 
from ilie transcripts of Iitiemtpted genes. The 
mature ANA miiM be espoHed froin the nucleus 
to ifie rttoptasm. Repdaiion of gene expression 
by selection of sequences at the Icvef of nuclear 
RNA ml^Ui tnviijve any or all or these stages, 
but tbe unc fur \%1)kii we have most evidence 
concerns changes in spUctngi some genes are 
espressvil by means uT iiUeniniive splicing pat* 
terns n'liusv reguhitidn c4»Urols ihe type of pro- 
lehi produrl (see Chapter 3U). 

FiHOlly. Ihe tninslntlnii of nu inKNA In the c>lo> 
plasm can lie specHlcatly comrolJed. Tliere Is lUUe 
evidirnce for Ibe eiRplo)W«nl of Ihls medianism in 
adult sonialfc cells* Ini) it dries occur In some 
em!ir>'unk* siiuailous« as descrilsed in ChTiplcr 
"The mediAnism is presumed lo involve ihe block- 
ing or Inliifttlon of iransiaitoii of some mftN'As by 
specific protein factors. 

Btd having acluiowtedged thai control of gene 
expression can occur at multiple stages, and 
that production of RNA cannot inevitably be 
equated nith production of protein, it Is clear 
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that Iht ovenvbelming ' ma|orily of regulaloof 
events occur at ihe initiQlion of transcriiition. 
Regulation ur ttssue^specinc gene irdnscripiion 
Ues al the he^ of eukatyotic diHerenUdlton; 
indeed, we see examples in Chapter Zi in 
which proteins iltat regulate embryonic dcvel- 
opmei>t prove to be iranscriplion factors. A reg* 
ulatoiy transcrlpiiofi factor serves to provide 



common control of a large number of .(ar^i 
genes, and we seek to answer two questions 
about this mode of regulation: wh^t id«iutnes 
the common target gcne^ to the transcripiioA 
facior; and how is the activity or the irnnsorip- 
tion factor itself regulated In response to truriii- 
sic or extrinsic sieaals? 



Uesponse elements idcnlify genes under common 
regulation 



The prfndpte that emerges ihom chanfctertzing 
groups of eenes under common mnlrol is that 
tho' share a ptvmoier element that is ncaenised 
ify a reffdcuoo' iransaiption factor. An element 
that catisea ^ gene to* respond to such a factor 
is called a response dement exan^les are the 
HSE (heat siioclL response element), GRC 
(glucocorticmd response clement)^ SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elemenls that thev reco^ize are 
summarized in. Table 29.1, Besponse elements 
hare the same general diaracterislics as 
upstream elements of piomolers or enliancexs. 
Thcv contain short consensus setiuences, and 
copies of the response elements found in dif- 
ferent genes are closely related, twt not neces- 
sarily identical The region bound by the factor 
extends Ibr- a sbon distance on dlher side of 



Table 29.1 Indaci:;?e transcnpi.on feelers iiir.d ic 
Tcsponse GluiUE-nls thai Idcnt.f^' G'cups c» pro-nciers 
or cihancsrs subject id cocdinatD ccrif cl. 



RcgirfBloiyA^ MaAda ConscnMS 



Factor 

HS6 CNNGAANKrCCNNQ HSTF 

ORE TGQlACMKmrTCT Btccplor 

PbOitoiBSttf TAE TGACrCA API 
SMn SHE CCArATTAGG SRF 



the consensus sequence. In pramoteis, the ct^ 
ments are not present al fixed distances Um 
ihe stanpoint, but' are usually <200 bp upsiresm 
of ft. The presence of a single element usuaUf 
Is suflldem to confer the- regnlatoiy response* 
but sometimes there are mult^e copies. 

Response dements may be located In 
rooters or in enhancers. Some types of elemcnu 
are topically found in one rather than the othrA 
usually an USE Is found in a ptomoter, wliil^ ' 
CKE is found in an enhancer. We assume Ui?* 
att response ettunents funoilon by ihe 
general principle, A sent is n^utated 
sequence at Uie promoter or enhancer (hot f 
recognized .fry a specific protein. The P'^^ 
Junctions a q transcription factor needed fi^ 
RJ^A pofymerase to initiate* Active protoa ^ 
aoaUai>te onft' under conditions tvhen the, gf^ ^ 
to be expressed; its absence means that tht 
moter is not aa&oaitd by this particufar 

An example of a situation in which ^"^^ 
genes are controlled hy a single factor ^ ^^^^ 
\ided by the heal shock response. This i* 
mon 10 a wide range of prokoxyot^ 
eukaryotes and involves mtdtlple oaniro»^^^ 
gene expression; an Increase In tempd^'^^^ 
turns ofT transcription of some genes, '■''"'^u^ 
transcription of the hem shock 6^^Vy(.t.<> 
causes changes in the translation ot 
The control of the heal shock genes Ul«i^ 
the difTerences between prokaiyotic 
eukaryotic modes of control in. bacterio, ^ ^\ 
Sigma facior is synthesized that <^^^''^rr 
polymerase hoioen^e to recognize 
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